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Thin invention relatea to a method and apparatus for 
heating an elongated space or a location containing an alcngatad 
h^utor. Kors particularly, the invention relatea to uv* eleoTricaJ 
resiHtance. he*t*sr for heating ftti olonnatad *uJ>tbt rati can Jsorohoio 
AU ratou which or« different at different depths nt the borehole, 

:tt ia Jtnowa to l>* bonoficiai to us* alotiflatad heaters 
auch as well heaters, for heating intervale *Z subterranean Garth 
t ormntLon pipo Interiors, or other elongated Boanes. In various 
ffituations, it is desirable to heat such epacee at relative Ly high 

10 tempe^fttuTftB tor relatively' long tifteH. Bwneticial rcaulta 
obtsiuod by such heating may Include pyrol.iziog oil shale 
formattona, coking oil to consolidate unconsolidated rowrvoi* 
tormailons, coKing oil to form electrically conductive oarbonized 
Tories capable of operating as electrode* within a reservoir 
formation, thermally diarlacing hydrocarbons derived fro» oila or 
tars iuto production, locar.loas, preventing foraatioti of hvdratotf, 
pr*<; J.pitatts, or the tike in fluids which aro being produced frow 
w*lls and /or transmitted through pipes, or tb* UKe. 

The invontioft aiw.d to provide a heating apparatus vhioh 

20 j.c capable of generating heat st different rates at different 
dfipt.UP in a ve-ll. 

In accordance vrith the invention there ta provided in a 
procesa in whioh subterranean earth formations within nn intorv?il 
fitoro than 100 foet long are heated to a temperature of more than 
600° C. , ao that heat la injected frubtt&ntlai.Ly uniformly into that 
Interval , an improvement for constructing and installing a heater 
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havinqr an electrical cable heating section which ia free of 
Hp.Hces, CO up tiding t construct in said heating cablo flection by 
compre asive ly waging at least- one portion of a }uaotiou-tre« 
electrical heattug cabla to rocJuco ita ait* at said at l<*aj;t oha 
portion, sell) coble la at leaat. &a long aa the ftart.h f.orm&tion 
interval to he heated and comprise a an axiaily fll'lancd, malleable, 
e iectrlcally conductive core currounded hy granular THtoeral 
insulation within a matal ohoath, ao that avagrad portion ?onet*ates 
heat at a irate higher than the unayaged portion; correlating the 

10 location ot said swaging with tho pattern of heat conductivity in 
the earth formation interval bo that at leapt one OQT0pr«8ttiv«ly 
jwaged portion of tho cabla is located aloaty tho cable in a 
position auch that, when the cable ia extended aloug the eavtfa 
formation interval to be h^atort. the coiapresaivol y *w?.gaU sortton, 
ts adjacent to a portion of rha earth formation interval In which 
Che neat conductivity Is relatively hi9h> connecting ofiid 
selectively owagod heating cable section to at least one power 
supply cable and spooling the interconnected cables; and 
unspooling the Interconnected cables into a well bore along with a 

20 weight" supporting mfttal conduit, while periodically attaching the 
cable* to the conduit and extending the cables and conduit to a 
depth at which the conprea uively awaged portions uf the cabla are 
positioned adjacent to tuo oarth formations having a relatively 
hi^li thermal conductivity. 

The invention will now he explained in moro detail «3 th 
reference to the accompanying drawing*, in chichi 
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Fi crura J is a thi-Qe-dimanoiori^l illustration oi an 
slectri^aJUy conductive containing evaged and iin*irayod 

portions suitable fox uae In the present invention. 

figure 2 aobematioftllY lUurtrexes tbe in&ta.iliDg of an 
oluctrlcal xe&iatanca heater with in the veil In accordance frith 
the present ttwentloiu 
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p. 
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Figure 3 shewn a splice between a metal-ahaatfiod insulated 
poxur supply c*ble and a j»tal-shr;«^ed insulated cahlti suitable as 
a heeting element of the presutfit invention- 

Flqures 4 aw3 b illustrate splices for electrically inter- 
ns connecting the ccrxtuctive cores of a pair of n*eta l-sheathed criinexcil- 
inHulnterl heating cablea soitablis boing cab).en in the present 
Invention. 

figure 6 anew an electrical power supply circuit suitable fotr 
use in the present invention. 
IjO Tte preeent invention is at J*»s in part prenuiicd CO a 

discovery that the properties of an electrical oondootor (ctx*i aa a 
jretal-shoathed aoUd iratHrjal- insula ted electrically cocductive 
cable ccntalninq a single copper core) are sur:h that results of an 
application of oonpres3ivf; swaging to tha outside of the metal 
15 sheath are transmitted through the insulation to tho core of fcl« 
cable in a manner such that OftCh of these cenparjents ore 
subetantially aimjltaiiecasly reduced in cxnes-ae^tioxiai area by the 
sser© relative amounts* The reductions in the cable care croas- 
flsctiomal area can be controlled to cause the swaged portion of tho 
20 cable! to generate a significantly higher errcjnt of heat per unit 
time than that which would have been garjorated without the swaging, 
even at a substantially lower temperature. 

In a proforred entoodAwerct o± the invention f such ft swagirK? is 
dot>a by a process o£ rotary swaging, amounting to ocitprcsslr^r the 
25 cable with many blows applied by rotating dies. Iterating swaging 
devinaa and technique aro known and ccnwrcially available*. Buch 
nachinau coononly contain two die? which reciprocate rapidly as a 
spindle in which ths*y aru cnountod ic rotated, A corqsresaive rotary 
swaging operation involves a h-iRsnaring action which haa the saics 
30 bsiAflzicial materia], on ratal a« forging. It produces a desirable 
grain structuro resulting to an increamsd teneilo strCiigth aivS 
elasticity. The oo lxl (in topera fcure ) swaging tende to work harden 
Croat iiertallic materials. If deftlrert, such a hardening t\nn b2 lfl&dfi 
more flexible by annealing. 
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.Tn a rotary swaging cpejraticn, the exu=nt to which the swagsi 
material ia reduced in cra3»-serrtienui area can lse controlled very 
accurately. Pnr ezztajpla, slnoo a tne.tal-ehaathed solid material- 
insulated noppsr-cured (^LcxtxicaO.ly^ conducive cable hehr*ve8 as a 
5 solid irate r:lal during a rotary swaging operation, euch a cable 

having a dlSfiDter ot from «ii>rut 0.69 to 1 .25 an can be awiged to a 
reduced didtfOtor with aw accuracy of abort pl.ua or minus 0.0025 cm. 

figure 1 illustrates swaged and unswaged portions of a" cable 
preferred fior ua» in the present invention. In tlie oab)>5 slxwii/ a 
10 stainless steel sheath 2 surrounds a mineral insulation 3 

consisting of highly oompressed grains of magnesium oxide and a 
folid conductive care 4 of substantially pare cepper is 
cancentrlc«iLly surrounded by the Insulation and abeath. In a cable 
of the type shown, where the inner and cutor djarretexa of the 
IS Rheath 2 <iro. 7,25 and 9 mu and thti diaitotar of the core * ia 3 nfl), 
iu the uiievraged portion , the c&b.le may gausrattJ a temperature at 
about 600 °C «hen conducting 180 ensext*s of alternating current.. 
However, ii\ a swaged portion of tlie cable having a dlaraatcr reduced 
by 16$, a temperature of about 850 *C is gerarabad when tho cable 
20 ia cocixJLCtirjg the saire cxjrrent in tho ssire environment* 

In a oro£erred eahodijrent, the presont Invention can be 
utiliied for providing a formation- tailored method and apparatus 
for uniformly heating long intervals of aubterranaan earth 
formations at high tcisporature . ?conrdinq to this itethcd 
25 si&terranean intervals ars heated vith an electric beator 

oanta.tnlng at .leant ana spxdable stoel-she&thei mineral- Insulated 
oabla having a stolid central core of high oleefcrical conductivity, 
Such u uablo can be arranges to hetit this earth fiorwacicnB so th*t 
haat i*; trananltted into the formations at a substantially uniform 
3f> rata, even when the boating involves mora than about. 330 watts per 
cnatre at tea^ciraturQS between about 600 «ixi 1000 «C. lbs uriitorndty 
of the heat tnuurtib'siao is ensured by providing the heater with a 
pattern ot electrical roaictances with depth within the well 
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crcvelartcd xith tl'jft pattern nf heat conductivity wi<:h £fepth within 
ths ai«rvcundina earth forioations* 

Figure 2 Bhcws o prafarred eubrxiiTioit of a woll 'neater of the 
present Invention being installed within a wall. Aff :*ta«n, a pair 
S of selectively sweujad haatcr osblea v.ith swigad and ijntA/wjed 

portions of the typs tficwn in Figure 1 are beirg uns^coled inoo a 
xoli frccn spooling means 5 and 6 while a support iresnbar 7, &uch as 
a wire lino or spcolable metal conduit/ is coruwnffvtly unapCOlod 
into the xell f ran a spcc-lin? means (not shown) . line lower end of 

ID the support nsfons 7 is att-anhed bo a motor /roau; 9, siv*> as a 

sinker bar for a vertical well car a cucnpttbld or 0-thfcT nr>Cor ireana 
for a substantially horizontal wll. ?he lower ends oJE the treating 
osble, flvacjeS portions tb, are uecbanically attached to a cable 
junction or end-cenmictar 9 in vhich the conductive, coteb or© 

15 electrically infcercoriite"ted (as shewn in more detail in Figure 4} . 
'fba junction 9 is also mechanically ooiuiBCtcd to the support member 
7, for exmpbs by a strapping means 12. The lewar oaids of the cable 
portions, vihlch are swaged for increased heating, arc electrically 
intsreonnastod in the er/X OOtnivectar 9 and positioned to GKtcnd 

20 through the none ecslectad tor receiving the increased heating. 

Tte unswaged portions la ot" the heattrg cables, deBigned fior 
minixral heating along tho aono to be heated, are positioned to 
extend above the swaged portions lb rbr a distance sufficient to 
reach a acne which ia cool enough for an intoroonriec't-ijon of tte 
hea tin? cable portions la with powar suyply cables 10 by means at' 
^odntfi or splices U for electrically and nedloaiically inter- 
connecting ths powor supplying ar4 heating catalt;a. The power supply 
cables 10 ore arranged Uor cur eying a selected amount of current 
vhila generating ouiiy a minimal arcount of heat* Tha details of 

?0 suitable mechanical and electrical cable connecting joints for UbC 
vith uatal~sheathed mineral- insulated power supplyuxj cables are 
illuutretftd In figure 3« 

As the heating and power supply cobles 1 and 10 are run into 
tha woil, along with tJia wight-supporting strand the cables are 
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perioditsilly attached to the strand 7 by iveana of clones or 
a trapping troaris 1.2, Such clanipts <ura arranged for creatltjy * 
faction betveco ths cablsa and strand which iB auf£ic;i<3nt to 
support the weigrit of tte iengtha of tha cables which are ltxt>tcd 
5 between the clanps. 

Figure 3 illuatrabas details of preferred arrangwentn of 
splices 11. fts shewn, the: pacer supply cabia 10 has a metal sheath 
14, such as a ceppar ehaaUi, surroundiiig an insulated olectricaUy 
ccofJuctivB cores 13 having a ocxTbicvitlon ot crests- actional Area, and 
ID electrical rcsistajxe par unit 01: lengch adapting it to carry fcba 
current to be uced in the beating operation while generating only 
an insignificant araoune of beat. A» shewn, the power cable sboath 
14 aa veil as a power cable core 13 bxq larger Chan fcha atoath 2 
and core 4 of the unsxagod portion of beating cablo La. tha 
15 conductive cores of the cable ax© electrically intarosnncctedr 
preferably by vending* In general, the power cable can orxnprise 
SLtoBtantialLy any typa of electrically conductive cable which is 
adequately heat stable at the teirperature generated by tha minimum 
beating portion of a boating cable such aa la- Where rbe Traxircum 
20 selected nesting tenperaturo is sufficiently low and/or tlie 
distance between tha power supply and zena to ba heated is 
adecjuafeeLy short/ tha ccv^r supply cable can oanprifi* a irotal- 
sheathed mrjeral-infeulatod *»oli<<r<ored cable which its SQlaotivel.y 
F-^oged to pravicte tto aolcebed heating ten^jeratjure so that no 
25 splices six*h aa splicaa 11 oro needed. 

A3 shown in Figure 3, a relatively short sleeve 15, aa^h as "a 
steel s!l«vC/ is fitted around and waldod or braced, or otberwiro 
irashanically attached, to the sheath 14 of the power cahls 10. Tbo 
aleeva 15 is preferably selected to bavo an inner diameter forming 
30 an annular space botween it an3 aheafch 2 large enough to 

Aooartnodate a shorter atoel sleeve 16 fitted around the sheath of 

cable la. In a profurrod assembling prDoaiure, bdforc inserting 
the short .sleeve \€ t aubstar/tieilly all ot toe annular t^aca between 
the cable core wKifeera 4 and 13 and elcev« 1.5 ia filled with a 
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pcwdared minaral insulting naterial such as magnesium GKidfc. The 
insulating material i& preferably deposited within both fche annuinr 
'apace between tJie cubic cores and the sleeve 15 &s ve.U as the 
space between the sleeve 15 and the sh^atii 2 oi the cable .la, and 
fi vibrated to ocrpact the rantis of particles. 3 leave 16 am tlien be 
driven Into kte spaua between the sleeve IS and a heath I so that 
the mass of mt]tera.l insulating particles in compacted by the 
driving force. Sleeves L5 and \S and sheath 2 are then welded or 
braced bogettasr. 

10 Figure A illustrates details of an end conncofcor ox splioa 9. 

As sba/n, cables lb ura oxt eroded thrmigh hoiea in r steel block 9 
so that short aeoticn& lc cxbeaid into a. cylindrical opening in die 
central portion of a>a block. Die electrical^/ conductive oore- 4 ? of 
the cables are welded together At weld 17 ana the cable shoaths are 

1? -xetdod bo block 9 at we Ida IB. P.rufcrably, the central conductors 
of the cables are surrounded by a heat stsble olecmcal inflation 
such ob □ ntisa of enmpacfjed pawderdrd mineral particles and/or by 
discs of ceramic materiala (not shosm) , after which the contra! 
evening is sealed, for example* f by weldir*g-<^n pderea of afceal (not 

20 shown) . Where the heater is supported, as JJfcwwn in ?i.gur a Z, by 
attaching it to an elongated cylindrical structural member 7, a 
groovo IS is preferably forned along an oxtcrior portion of end 
splice 9 to mate with the structural meaubor and facilitate the 
attaching of the end piece bo that member, for axan>p}.e, by a 

2^ strapping cfeana 12. 

Tigure 5 shows a preferred type of end connector ^Mcti 
eliminates the need for cutting and elding a heater aibla to form 
a pair of heater cables, such as oableb 16* The heater cable is 
fiiirply bant into a U-turn and inechanioaliy clamped to block 20 by a 

30 fcol bed-on clamping plate 21. The- block. 20 is preferably provided 
with grcwe 2?. to facilitate tha darrping of it to a cylindrical 
structural jpsfrber sonh as, the cylindrical member 7 shewn in 
Vigura 2. 
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In general, rNi power supplying e]££ientB can comprise 
substantially fmy or DC sySttffl capable Of causing a bautor of 
tha present type ro heat at tho ©elected pe^ia Lively high rato. Such 
a heating rata can be about 310 watts p3r metre or suorfc. 
5 Figure 6 is a diagram of a preferred irron^eensat at 

alternating current olec&rtoal power supplying element*) suitable 
for the present tygG of heatex. This arraiigeitfcnt Includes two 
inverse, parallel, Bilioon-contro.Ued rectifiers (SCBs) in the 
circuits of: hoth elements of a two-^emesit heater 4 In such a 
10 balanced system tha heater lugs should be Of equal resistance 90 
that tha coble coce jnnctiwi, point A, (within erA connector 9) csn 
renain at 20ro voltSKie or virtual ground potential, l^e sheaths of 
the beater cables axe connected to the grounded centre rap of the 
trans Sorrusr Jtrcnndary. Since point A repreoents tha welded 

15 conrjQCtion within the end pifcDG 3, the pocent-ial difference between 
tho connection arid the housing will bo 2ero tor all practical 
purpose*;, Ttese points txauld be in electrical contact without any 
conduction of current. At points advancing upward alcn? the lege of 
the heater, the potential difference- between tho shaaths and the 
20 central conductor osn increase and finally reach (naxinuma such, aa 
plua or minus 2<0 V. 

Xn various actuations in which an elongated space is to be 
heated, tie in aitu thermal ocnducticri toy vary *igni.ficntrtly 
vith.in various layers or lcoatjbons along that ajpace. A mora hoat 

25 oond)>ctive layer wilL carry off th/s boat generated by a heater 

faster than a less conductive layer. ?± a result, true temperature 
xnaintained by an electrical re»aistancei Jiotiter carrying a given 
amount of current will V* l^wer ccpagibe u mors conduct i^/e layer ► 
In situations in which it is desired to maintain a t J At or uniform 

30 h Bating rata aloJtg the space being heated, it ia dasirablo to 
reduce the heater oora cross-ftsctionftl area in order to g^uirate 
heat at the same rate as that in otJwr portions of the heater whJch 
are liotter. 
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An electrical reaistaxico heater can ba ceuewd to sci)crate 
selected heart Insr rated at different locations alceig the heater Jxy 
installing boater sections containing conductor a af varying cros?^ 
sections. *.*e sjoaLl^ar core or ooiviuctar aroee-secticna exhibit ivore 
5 re si starve*? to thu electrical current flex/ and thua generate teat st 
a rate higher than weald be generated by a tfttchor core At the s&te 
t^arature. *or exanpla, it can heat at a selected rate at lower 
tanparature existing along a relatively Ticre he tit cxxxSuct.tve layer 
or cent: wittiiu the apace iwirvg heated, 
\0 TV» present, invention prov.idj?? a method of causing a heater 

having an electrically conductive oootb which ia cocitinuous and 
unitary to generate constant and/or selected affennta of heat along 
one co; a multiplicity of different portions of the heater without 
requiring a noLtitufle of heating cabi* soiices. Particularly where 
15 tho heating is to ba cccidusted at relatively high tenserauureB for 
long times, xeldiog problems and opportunities £or leakage an* 
inherent in wiy cutting and slicing of electrical haatin? cables. 

In respect to an, electrical resistance heater comprising a 
pair of electrically interconnected mathl-sheatned solid mitcrial- 
20 insulates cab left each containing a malleable metal electrically- 

oouductive core, fciir gets of rnrhary switching dies can ba arranged 
for providing percentages of <3iarretrical reductions of 6, 12, IB 
and 2A in tho initial overall diameter of oach cable and its 
conductive txxra. reducing ore portion of the cable diameter by 
\Yj 5% and another by 121 , the overall reduction is 91 . soch 

procediTres, tha overall croas-dccticoal, reductiona for both Legs of 
the heater can be provided in eigne steps of roughly lot each. Por 
eocMple, see tthe fallowing table: 
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O.tAMBTfUCAL REDUC'IOXW 


CROoS^SCTJOlAl REDUCT3CW 




m 






LEG 2 


UU r Jtl\ i.<c^ 


0 


6 




6 


6 






12 


34,2 


12 


12 


45,1 


12 


1.8 


55, 3 


18 


IB 


55,5 


1,8 


24 


75.0 


24 


24 


04.3 



la zoch a procedure, if the $Jxw-deBcriba.i praforrod powsr 
supply is to be used, it i& nvosssary that each leg of fcha boater 
after reductions iu its core diawBter have en overall resistance 
equalling that of the other leg after reductions in .its oare 
S disaster. This is necessary to en sure thQ zero voltage potential of 
the intsrocmncctod conductors in the ervd place. TV*03 f it is 
ueceaeary bo divide the overall extents of electrical care 
reduction a evenly owe* both long the of the heater. 

Substantial!/ any oaiipi'ocalve swatfin? procedure which is CO? J.a 
io substantial ly equivalent to rotjry swaging can suitably be used in 
practising the preawit invention „ S&air>yles of svaging racJiLnus 
and/or tedinlques which can suitably be used ace inclusive of diu 
closing swaging machines, such as those jfstuifacaired by 
TOrrington Cu:npony r or Abbey Aetna ^fe chine Cbfrpany or rem 
t5 Manufacturing, etc. 

to simply cables capable of transmitting the amount of 
rjurzenz selected to ba upod whiio generating only a relatively 
insignificant amount of heat and bavin? sufficient thermal 
stability fox electrical and rcocfc&nioal atWKChmant to thu motaL 
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sfceai'liad cab la soltxited for generating a loininum arcrofc of heat can 
suitably be used in this invention, acanples of suoh oabtes inclurta 
thoce available aa QlCC/Pyrotcnac (41 rabies. 

In general r in a situation in which an electrical conductor 
5 r-eed not to insula bed, the present Invention oan be practised wtch 
substantially any elft^trical conductor v/hich is continuous and 
unitary (i.e. is a continuous body froo of interconnected ' segiraits 
ox strands} and has a core or conductor thickness (i.e, a clobs- 
sectional area of the electrically cenductivo fraterial) which is 
10 different in different locations along the length of the electrical 
uoneuctor, Preferred edoc'trioal conductor a comprise sjivj.l^ 
conductive cores of malleable metals or alloya surrounded by a haat 
stahla colid insulated raterial witJUn a heat atabla mtAl fiJreatfc 
euch as refractory pcwSer cor solid fibre insulating materials 
\5 w.ifebiu copper or stool sheathe* A copper core surrounded by 

powdered magnesium oxide within a copper sheath for use at moderata 
temperatures, or a stainless steel sheath for use cut high 
teirper a tur e a , is particularly preferred. 

In general , the present invention can utilize to initiate 
20 ani nsaintain a substantially uniform rate of lieatirxf along n space 
containing at least one portion haviny a relatively low rata of 
heat cjcnductivity and/or to estahlieh and maintain a relatively 
high rata ofT boating along selected portions alor^ a space 
. throughout which the rate ctf heat conductivity Is nearly uniform- 
?5 Ibe variations in haat conductivity with distant ailcog an 

elCTvga.bed path can be detenidnod by weana af numerous kn^Tl and 
available ds/icea and technic^uas . 

Itt a particularly preferred procedure for utilizing the 
present invention for heating along a path along vfcich the baat 
30 conductivity is ooavunirbrm, a selection is made of the rate of 
heating to be provice<i when an electrical conductor having tha 
composition to be used is conducting the amount of curreot to ba 
used within n hortogonaous medium having tha lowest heat 
conductivity to be encountered along the path to be heated. The 
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maxluwt thicknaas for fne eler.trioftl conductor to ba ust>3 is then 
th& tbiclcneaa which provides that rata of haativ-g in that 
situation, 'Lhe thickjicss of portions of the conductor to be 
positioned along porticos o£ the path which have higher heat 
conductivities are then suite thinner to an ekttnt substantially 
ccn^ensatino for cbe mora rapid cordwcting^av^iy of the heat by 
those higher haat oau2uc*.ivitLfis. 

ft.ltjernati^aly, where i.t ia desirable to generate heat: at 
relatively rapid vate.fi along portions of a path to ba teatad (for 

•10 example, along top and bottom portions of a mibterranean earth 
fooraaTiwn) such an arrangement can ba mada, although this heat 
conductivity mny be substantially uniform all along the path to Jjo ■ 
heated, conductor thiefcness an.i resistance to be used Along 
moat oi tJie cable conductor urc select^ to provide the seated 

15 rate of hasting along a hom o g a naoua watcrial having the- liuat 

cccductivity ocniTOO to vnoat of tho interval to be hearted. Then, the 
rfore rapid haatirjg rate along adapted portions of the path can be 
obtained by thinning the portions of tha conductor to be extended 
along those partianb oC. the path. 
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TXS ftHbOttttllWlTSS OF THE INVENTION III WHICH AH EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMBI* AKE DBPIWBD AS i'OLl.OWSi 

J.. In a procBss in which subterranean earth formations 

within an interval more tl\a\\ J.O0 f.eet Long are hOKt'txJL to a 
temperature ot moro than 600°C. , ao that heat is injected 
subatantiail.y uniformly into that iutetvaL, an improvement for 
constructing and Installing a heater having an electrical cable 
heating section whtoh ift free of Bplicc&p comvriMng i construct!^ 
afiifl llftatJ.no; cahle uextion by coTnpresB tvely swaging at leaat on* 
portion of a juootiou-tre e elect cicai heatint/ cable to reduce ita 
ftlzo At 8«id at least one portion, said cable ia at least aa long 
aa the earth formation Interval co aft heated and comprises ah 
axiaVXy aliened, m&llfcahla, electrically conductive cora 
surroundod by granular mineral insulation within a net&l ehtath, 
ao that swaged portion g«n*rutes heat at n uato higher than the 
uft^sa^ed portion; correlating th« location of said flwaging with 
the pattern of heat conductivity in the- aarth formation interval 
BO that ot Loaat ens comprasaively swaged portion of the cable is 
located along tho cable in a po«ii'.ion Buch that, wh^n tho cTAblc in 
extended along the ^arth formation internal to be heated, the 
coiaproHsj vely ^waoed portion la adjacent to a portion of tUc earth 
formation lutcrval in which the hoat conductivity ia relatively 
hlffhj connecting said selectively swaged heating cable ftcction to 
at leftBt one power supply cahie *ind b'poolincT the interconnected 
cables ) and unapooliny the interooouected cables into fi wellborn 
along with o weight- supporting metal conduit vhilo periodically 
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iv.t&eMnq tUe cables to tlxe conduit, s.ud extending the cables and 
conduit to a doptli at which the coinpcensivoiy swaged portions ot* 
the cable <are poRl^ticnfttl adjacent no t.U« eartli torraavXona having a. 
rolativoiy hi^h thermal conductivity. 

SMART fir BIGG AH 
OWAWA, CANADA 

PATBHT AGQHTB 
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A_Q 3TRACT 

lEHHRG RATS VARIANT 
ELOKGkTED ELlXTPtO^ HKSISMHCS HEATER 

fin electrical rt2fifl.Rtarjcc beacer capable of gtanoratirig teat at 
diff erunt rates at different lo^itioortc a.lc«g ita lencfth crarprise* a 
continuous ard unitary electrical oonductor haviT^j a thickness 
vrtrk-Ji is different at different Icxttticcis along tta length. 
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